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NMFS scientists find a more efficient 
and less costly way to transport 
live crabs to market. 

The Overland Shipment of Live Dungeness 
Crabs by Self-Contained Van 

H. J . BARNETT, R. W. NELSON , P. J . HUNTER , 
A. E. EINMO, and D. N. PLANT 
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Li ve sea food m a rke tin g in the 
U nited Sta tes has bee n limited mainl~ 
to th e no rth e rn lo b te r . In o th e r coun­
tri es re ta ilin g live fb h a nd shrimp has 
bee n com m o n practi ce. In Denmark 
fo r instance th e consum e r m ay ch oo e 
a live plaice or o th e r fi sh from a 
ho ldi ng tan k in a re tai l fish market. 
In J a pa n II ve sh ri m pare in great 
dem a nd . Rece ntl y, the possibilit, for 
extending lI ve re tail marketing in the 
United States to include Dungenes 
cra b has bee n in vestigated for several 
firm s. 

A re tai l m a rket for live Dungeness 
crab bega n to develop in 1968 when 
air shippin g techniques were success­
ful ly appli ed . The research lead in g to 
thi s de velopment was reported by 
Barnett et al. in 1969 . 

Following the air shipp in g success 
the potential for live crab sa les in 
areas not served by air lin es beca me 
of interest. Some of the sma ll Califor­
nia comm uniti es were espec iall y good 

poss ibilities since fhh markets In the~e 
areas had sa ltwa ter holding tank that 
were being used for holding lobsters . 
One compa ny tri ed shippIn g live crabs 
by truck to take advantage of such 
factors as: (I) accessibi lit ~ to remote 
a reas fo r proce s in g li'< e crabs a nd 
for de li very to the markets: (2) re­
duced cos t : (3) abi lit ~ to h a ndl e a 
la rge quantit~ in a in gle shipme nt : 
(4) a nd th e con \ e ni ence of de li very to 

numerous locati o ns a lo ng a si ngle 
ro ute . Us in g a n ob o le te refri gera ted 
meat transport in g trail e r , the company 
a tt e mpted seve ral shipments of li ve 
crabs usin g a techniq ue in which re ­
frigerated seawater was sprayed o nt o 
th e crabs thro ugh common ga rde n 
sp rinkl e rs located thro ugho ut the in­
si d e of th e tra iler . The shipme nt s 
o rigi na ted in nort he rn Ca l i fornia and 
terminated in Los Angeles . H owever. 
afte r seve ra l disa tro us a ttempts a t 
shipping th e crabs li ve. the procedure 
was aband o ned as unworkable. It was 
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a t thi ~ roin t th a t th e company hea rd 
o f th e wor k th at the a ti o na l Marine 
r- isheries Service had done in sh Ipping 
li ve Dungeness crab by air and asked 
fo r aSS lq ance. 

r rom rre'<i o us e\rerience in ship-
1'1 ng II ve Du ngeness crabs by a i r it 
was known th a t they can be hel d o ut 
o f wa te r for abou t 2 days under ideal 
cond ItI o ns . The conditi o ns in c lude. 
the mal nt ena nce of low-s to rage tem ­
rerature~. relatIve humIdit y of ove r 
90 rercent. a nd th e e lImIn a ti o n of un ­
necessary handlIng . Of these condl ­
tl on~ . low tem r era ture a nd hI gh hu ­
midIty a re of prImary Imr0 rt a nee. 
Low temrera tures a re kn ow n to make 
c rabs torpId ( Roach. 1956) and ha\ e 

been used successfull y to rroduce th e 
same rh~ s lca l effec t III other marIne 
srecles (Rodman. 1963: t'. l cLeese. 
1958. 1965). The net result of thIS 
InactI\ tty IS to reduce the anIma ls' 

arrarent neeu for 0\) gen (Tomura 
et al . 1907 : Waterman. 19(0) becaU',e 

of reduceu metabo li sm . The retentIon 
of mOI~ture IS nece~sarJ to prevent 
uehyuration of th e crab ' gtll s . De­
hydratIon prevents th e crab from 
breathing normall ; a nd ultlm a t e l ~ 

will ca use uea th . In conducting th e 
s tud ~ reported here. particular a tt e n­
tIon was paId to th e pre\ention of 
deh~ dration. 

LABORATORY STUDIES 

Tw o methods of li\e holding ''< e re 
s tudi ed in sma ll cale e\periment a t 
the labo ra tory usi ng the tra iler as a 
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te t unit. The purpose o f th ese ex pe ri ­
ment s were: ( I) to tes t fog as a meth od 
o f mainta ining a hi gh leve l of mo is­
ture o n th e gill s a nd (2) to test pa rti a l 
immersio n as a me th od o f ma int a in ­
ing th e gill s in a mo ist conditi o n . 

Trailer Test Unit 

T o facilit a te our resea rch. a 28-
foot tra il e r be lo ngin g to th e c rab­
shippin g company was brou ght to 
Sea ttl e where th e la bo ra to ry ex pe ri ­
ments we re made. Because it h ad a l­
ready been used to tra nspo rt li ve c ra bs. 
th e int e ri o r o f th e tra il e r had bee n 
covered with fibe r glass. Three fl oo r 
dra ins we re connected by 2-inch po ly­
vin ylchl o ride (PVC) pipes to a 400-
ga ll o n capac it y rese rvoir located un ­
de r th e tra il e r. A centri fugal pump , 
powered by a 5-hp gas engin e (a l 0 

benea th th e tra il e r). pull ed wa te r fro m 
th e rese rvo ir via three C un o l fi lte rs 
and recircul a ted it bac k int o th e tra il e r. 
Refri gerati o n was suppli ed by a The r­
mo-Kin g, fro nt -mounted . but a ne­
powered unit . 

Pri o r to initi a tin g th e ex pe ri me nts. 
th e inte ri o r of the tra il e r was modified 
wi th a fogg i ng syste m . T he system 
consisted of a n elec tri ca ll y powered, 
hi gh -pre su re pump capable of de li v­
e rin g 6 gp m a t 200 psi and two Spray­
ing Systems Com pa ny type 7- fog­
jet nozzles. T he nozzles we re connect­
ed a bout 12 fee t apa rt to a 11f2 -inch 
di a mete r PVC pipe att ached to th e 
cei ling of th e tra il er. A h igh-p ressure 
hose joined th e pipe to the pu m p be­
nea th th e tra il e r . In th ese ex pe ri ­
ments. th e floo r of th e tra il er was used 
as th e reservo i r. A ga rden hose from 
th e fl oor dra ins connected to th e suc­
ti o n end of th e pum p complcted th e 
system. 

Fog Experiments 

In each of three re pli ca te expe ri ­
ments. 24 li ve Dun ge ne s c rabs we re 

I Mention of trade names does not Imply NMFS 
endorsement; they are used only to simplify 
deSCriptions . 

di vided evenl y a mong three plas t ic­
webbed bas ke ts (F igure I). T he bas­
ke ts we re s tacked three hi gh in th e 
tra il er to dete rmin e if th e spray mi st 
would reach a ll of th e c rabs a nd keep 
th em mo ist. A second group of 24 
c ra bs di vided a mo ng three baskets 
was pl aced . with out tac kin g, adja­
ce nt to th e s tacked gro ups. Each ex­
pe rim ent las ted 4 days. durin g whi ch 
t ime th e te mpera ture of th e enviro n­
ment was m ainta ined a t 43 ° F . Be­
cause o f th e mechani ca l conditi o n of 
th e re fri gerati o n unit , 43 ° F was 
a bout th e lowes t te mpera ture th a t 
could be achi eved w ith a ny de pend­
a bility. The c ra bs we re examin ed 
da il y d urin g th e ex pe rim ents . 

Results and Discussion 

Eve n th ough th e at mosphere was 
sa tu ra ted by th e m ist. th e crabs in 
th ese tests began to succum b by the 
end of th e second day. Maxi m u m mor­
ta liti es occur red by th e beginn ing of 
th e las t day of th e experiment. Total 
losses, based on th e nu mber of crabs 
los t in each tes t . averaged about 30 
percent (Tab le I). Mortalit ies a ppeared 
to be even ly dis t ributed among the 
baskets. Morta l iti es in the unstacked 
groups were not significant ly differ­
ent from th ose susta i ned in the stackcd 
grou p. 

Dur ing each experiment. the pH 
of the chill ed seawa ter was measured 
periodically wit h a pH meter. No 
sign ifica nt c hanges from the norm a l 
pH of the brine (7 .5 to 8.5) were no ted. 
T hi s ind ica ted. for the conditions 
described here. th at ammonia was 
no t be in g fo rmed . Crabs surviving 
th ese experiments were frequently in 
a weakened condition . When re locat­
ed in the laboratory's live-holding 
faci lit ies. th ese crabs usuall y suc­
cumbed qu ick ly. 

A lthough the fog spray techniqu e 
increased the ho lding time of the 
crabs over that of the initi a l spray 
method u ed by the crab hippers . 
losses were unacceptabl y high . 
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Partial Immersion 
Experiments 

Because the fog meth od resultcd 
in h igh morta litie . a different ap­
proach was t ried in which live crabs 
were held in trays continually flushed 
with recircu lating refrigerated ea­
water. 

Two trays (4-ft x 3-ft x 4-in deep) 
were made from marine plywood and 
painted with a nonto\ic coating. 
Openings (18- x 3· B-in) were cut into 
the short ends and I inch above the 
floor of the trays . The openings were 
used to regu late the water levcl in 
the trays. The I-inch dep th was elect­
ed on the basis of previous tests 
made a t the laboratory in wh ich crabs 
were expo ed to different water depths 
to determine the sma ll est amount of 
water in which the y could sunive 
without difficu lty. It was dete rmined 
that average-size (1.5 to 2.5 Ib) crabs 
did well in water deeper than h a lf an 
inch . A frame with supporti ng gl ides 
was made to hold the tray in a ver­
tica l o r s tac k configuration. Water was 
suppli cd to the top tray by an epo\)­
clad ubmer ibl e pump delivcring wa­
ter at a rate of about 350 gph. The 
water sp ill ed through th e openi ng 
in th e top tray. to the bottom tray 
and th en o nto th c floor of th e trailer . 
Vertical stack in g of the tray pre\ent­
cd th e crabs in th e bOllom tray from 
escaping and a sc reen held the crabs 
in the top tray. The temperature of 
the water was maintained at 43 [­
during th e test. The c\periment was 
repeated th ree ti mes. 

Results and Discussion 

Between 30 and 50 live crab~ wcre 
used in each test and to thc degree 
possi ble crabs were c\ enl) dl \ Ided 
among the trays . All crabs selected 
for the experimen ts were in apparent 
good condition. 

De pite their conditi on. howc\er. 
smal! but une\plained losses occurred 
at the 2-da) inten al In each e\pcri­
ment (Table 21. AdditIOnal mortdl­
itie occurred ncar the complctll l n 



Figure 1 (above)-Uve crabs in webbed bas­
ket prior to hotding in log-spray experiment. 
Fog-jet nozzles are shown top-center 01 photo­
graph mounted between two rows 01 garden 
sprinklers . 

Figure 2. (below)-Arrangement 01 rails and 
vertical stanchions to support the holding 
trays . 

Figure 3.-Uve crabs arranged in holding trays . Bales lor nesting trays are shown hooked in place. 

of the ~tudie~ . A vcragc total losse~ 

after 6 da}~ ""cre about 17 .0 perccnt 
Sunl\lng crabs \vere almo~t ah\a)~ 

strong and ""hcn returncd to thc laho­
rator) 's II\c-holding facillt}. the} rc­
~umed normal actlvitle~ ""Ithout Llif­
!lculty . 

Summary of Laboratory 
Experiments 

The laboratory e'penmenb Indi­
cated that a sea""ater fog technlquc 
\vas not a satisfactory mcthod for 
maintaining Dungeness crab in li\e 
condition beyond:! days. E\cn though 
the fog constantl} batheu thc e'tcrior 
of the crabs, apparent ly the gills v.ere 
not h.cpt ~uffieicntly moist under thi~ 
condition. On the other hand, partial 
immer~ion in sea""ater resulted In a 
lower rate of mortalitie~ a nd uccc s­
ful live holding for 6 days. Based on 
these results wc decidcd to expand 
the c'perimen ts using the partial im­
mersion technique in O\er-the-road 
tests using the trailer. 

FIELD EXPERIMENTS 

The purpose of the field experi­
ment wa to determine if the results 
obta ined in th e labora tory sca le tests 
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could be rcpeatcd undcr condltion~ 

more ilh.e those found in actual ~htp­
mcnb I n addition. large-scale te~ts 

""ould bc u~eful In asses~ lng factor 
~uch a~ loading and unloading the 
trailer . scheduling. and other problem~ 
that might be encountered (aSide 
from tho~e Invohed in maintaining 
crab~ In II\e conditions). The te ts 
\\crc arrangcd b) the o""ners of the 
trailer. uSing ~uppilcrs and outlet 
that thc com pan) had made prior to 
our in\l)I\cment in the e'periments. 
All co~t and obligations associated 
""Ith the ficld tests ""ere borne by 
the com pan) . Our re~pon ibilit) \\as 
limited to recommending the pro­
cedure~ to be used and in mah.i ng an 
objecti\ e e\aluation of the result~. 

Trailer Modification 

A II pi pes. hose. and nozzles \\ ere 
stripped from the van a nd replaced 
by a system of aluminum channel 
trach.s. The trach. ran th e le ngth of 
the trailer ' v. a ll and were attached 
to vertical stanchion located a t in­
tervals a long the leng th of th e trailer 
and about :! I inche in from the 
walls (Figure 2). The pacing a ll owed 
for suspendi ng 18- :-.. 2-+- :-.. -+-i n (deep) 
polyethy le ne trays made with 11,,-



Figure 4.-View of stacked trays loaded with crabs . 

inch rims between the tracks. When 
completed. each side of the trailer 
had a ystem of three sets of tracks 
vertically spaced to accommodate 
trays nested one on top of the other. 
Special bales prevented the trays 
from nesti ng in each tray deeper 
than linch (Figure 3). The over­
hanging rim of the bottom trays in 
each stack rested on the tracks and 
supported the other four trays in the 
tack. Each side of the trailer accom­

modated 10 stacks of 15 trays or a 
total of 300 trays (Figure .f). 

Water was carried to the trays 
through I-inch PVC distributor pipes 
teed from a \lI z-inch PVC pipe at­
tached to the ceiling of the trailer. 
The Aow of water through the dis­
tributor lines to the trays was regu­
lated by pIa tic hand (gate) va lves. 
Water from the distri bu tor lines was 
pumped into the top trays of each 
stack. ove rA owed through h - by 12-
inch openin gs cut into the short ends 
I inch above th e Aoor of the trays 
and down into each succeeding tray 
(F igure 5). Water was drained from 
the trays by means of fi ve \.4 -i nch 
ho les located in th e Aoor of each tray. 
The ho les were placed in each corner 
about 2 inches in from the sides and 
o ne in the center of the tray Aoor. 

When in operation. water Aowed into 
the trays at 6 gpm. Each tray held 
about 2 gallons of water . Water 
dropped from the bottom trays to the 
Aoor where it was pulled down the 
Aoor drains into the reservoir through 
the filters and recirculated by the 
gas-driven centrifugal pump. BafAes 
on the Aoor of the trailer reduced the 
problem of su rging water when the 
trailer was in motion . The tem pe ra­
ture of the trailer was maintained at 
.f3 ° F. All water u ed in the trucking 
experiments was pumped from local 
saltwater bays. Two experimental 
~hipments were made. 

First Road Experiment 

Procedure 

The first shipment was made from 
a crab-buying station located on the 
Washington coast. Thirty-six hundred 
pounds of sea-run2 crabs were hauled 
via Seatt le. Washington. to Portland. 
Oregon. The trip was purposely kept 
short (about 300 miles) to enable us 
to observe the effects of road vi bra-

2 Sea-run crabs have not been culled for dam­
aged . broken shell and misSing legs but are 
taken " as IS when unloaded from the boat. 
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Figure 5. (above)-Arrangement of PVC dis­
tributor pipes (top, center) feeding chilled 
seawater to trays loaded with crabs. 

Figure 6. (below)-Live crabs being loaded 
into trays without the aid of restraints. 



Table 1.-0aily morta liti es ("!o) occurri ng in Oungeness cra bs held i n stacked and unstacked basket 
containers exposed to a 43° F. fog-spray l 

Crab mortalities (%/day)2 Crab mortalities (%/day) 
In stacked baskets In unstacked baskets 

Days (Test ) (Avg.) (Test) (Avg .) 
held 2 3 2 3 

1 0 0 0 0 0 0 0 0 
2 42 0 42 28 0 6.5 0 2.2 
3 83 8 .3 16.6 11.0 0 12 .5 65 9.7 

16.6 12.5 166 152 18.8 12 .5 25 .5 18.9 

I Results are based on data collected from three separate experiments 
2 Figures are based on the number o f crabs lost In each experiment compared to the number of 
live c rabs used Initially 

tion on the crabs a nd evalu a te the ef­
fectivene s of the trailer 's li fe- upport 
sys tem. The crab were individually 
placed by hand in the trays which 
had been removed from the trailer 
for th e loading opera ti on (F igure 6). 
Because the crab were not restrai ned 
in the tra} . considerable time was 
used to com plete the task of loading. 
As the trays "'ere filled (eight crabs 
per tray) they we re weighed and load­
ed into the trailer. When a vertical 
stack ",as com pleted. a flow of ea­
water. pumped into th e trailer prior 
to loading, was sta rted to preven t the 
gills of the crab from drying. The 
time requ ired for 9 men to com plete 
th e loadi ng operation was about 7 
hours. 

Results and Discussion 

Part of the trip to Portland "'as 
made over secondary road which 
were rough in pots. During this seg­
ment of the trip . severa l members of 
the crew rode "'ith the crabs in the 
trailer to observe their reaction to the 
ride. A far as cou ld be determined . 
the crabs "'ere not undul y excited 
b) th e occasional jarri ng and bu mp­
ing. Although some water spilled from 
th e trays ",hen the truck moved up o r 
down steep grades, the crab were 
ne\er wtthout water very lo ng during 
the trip. The crab "'ere re tricted 
from mO\ i ng free l) because of the 
ne teu tra) configuration a nd their 
clo e pro"imit) to each other. The 
dark.ened interior of th e trailer and 
cool temperature a l 0 contributed 

to th e cra bs' 
ami nation a t 
showed that 
minimal. 

relative inactivit y . Ex­
th e time of delivery 
phy ical damage was 

The shipment was held overnight 
in Seattle then trucked to Po rtl and. 
Oregon . where 2 .500 pounds were 
delivered to a retail market. Pri or to 
unl oading. the wa ter wa drained from 
the trays . Draining took about 20 
minutes and was accomp li shed by 
closing appropriate valves and allow­
i ng the water to drai n from the trays 
throu gh the holes drilled into the 
botto ms . The c rabs were then unl oad­
ed, carefully exam ined and weighed. 
A 10-percen t all owance was made 
for e ntrapped water that did not drain 
off. Accord in gly. thi was deducted 
from the to tal unl oaded we ight. Four 
percent of th e del i vered c rabs were 
dead . The sur vivors were livel y and 

Tab le 2.- 0a ily mortalities (percent) occurring 
in Oungeness crabs held in vertic ally-stacked 
trays partially flooded with 43 ° F. r ecirulated 
sea water .1 

Crab mortalities (%/day)2 
Days (Test ) (Avg.) 
held 2 3 

1 0 0 0 0 
2 4.0 3.0 4.0 3 .7 
3 0 0 0 0 
4 0 0 0 0 
5 0 61 7 .9 47 
6 10.0 6.1 13 .1 9 .7 

I Results are based on data collected from 3 
separate expenments . 
2 Figures are based on the number of crabs 
lost per day In each experiment compared to 
the number of live crabs used Initially 
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in excellent condition. They were 
placed in live display tanks for sale. 

The remaining crabs were returned 
to Seattle where they were held an 
additi o na l 48 hours in the trailer. 
Seven and one-hal f percent of the 
rem a ining crabs died during thi time. 
The surviving crabs. which were lively 
and in good condition. were delivered 
to a loca l crab proce sor. Overall 
losses in thi s ex periment. based on 
total weight. were 4 percent. 

Second Road Experiment 

Procedure 

Because the life-support system per­
formed well during the first expe ri­
ment. a second trip of lo nger duration 
and large r numbers was initiated. A 
in the first expe rim ent. th e crabs were 
obtai ned from th e coast of Washing­
ton . Forty-two hundred pound were 
taken directly from th e live well of a 
crab boat. weighed (after draining) 
and placed in the plastic tray. The 
problem of placing the crabs in th e 
trays was e liminated by using a lumi­
num se pa rat ors (F igure 7) made es pe­
c ia ll y for thi s ex periment. The sepa­
rators. resembling egg carton sepa­
rators. divided the trays into eight 
sepa rate compartments. o ne crab per 
com pa rtment. In this way. the crabs 
were kept rel a tivel y quiet. When full, 
the separa tors were carefully removed 
and an e mpt y tray placed on to p. 
loaded, a nd so on . When enough trays 
were filled with crabs. they were 
weighed and loaded into the trai ler. 

sing this technique seven people 
handled and loaded th e crab in about 
half the time required in the first exper­
imental road test. As soon as the 
crabs were loaded a nd the life-support 
sys tem operating. the crabs were 
trucked to outhern California. The 
trip covered a di tance of about 1.500 
miles a nd lasted 4 da ys. 

Results and Discussion 

Deliverie 
500 pound 

of crabs weighing from 
to 1.000 pounds were 



made to six li ve seafood ma rket s dur ­
ing the trip. Except for weak crabs. 
whi ch were immedi a tel y cooked. all 
active crabs were placed in li ve di s­
play or storage tanks when unl oaded 
(Figure 8). Dead crabs cou ld not be 
sold and were disposed of. Mortalities 
for thi s experiment. based on the tota l 
weight shipped. wa 5 percent. Dea l­
ers were very impressed by the live li ­
ness of the crabs and absence of 
broken shells and lost legs. Da mage 
was not considered to be significa nt. 
Delivery of th e crabs direct to th e 
market a lso plea ed the deal e rs si nce 
air sh ipment of live crabs requires 
tha t they pick them up at a n a irpo rt 
o r have them delivered by an a ir­
freight forwarder. Either opera ti o n is 
ex pen ive a nd time-co nsuming . 

Special handling procedures used 
to rem ove a ir trapped beneath th e 
shell of the crab were not necessary 
in this or th e first truckin g ex peri­
ment. Becau e the crabs were pa rtl y 
submerged during th e trips. th e water 
di spl aced the a ir sometimes trapped 
under the she ll o f dry packed crab. 

Air causes th e crabs to float when 
returned to live holding facilities. The 
problem is u ua ll y elimin ated by hold­
ing th e crab partly submerged in water 
until the ai r is displaced and the crab 
can si nk . The procedure requires con­
siderable time. especia ll y when large 
number of crab are in volved . 

A lthough pH measurements were 
not made during thi s a nd the fir t 
expe rim ent , bacteria did not appea r 
to be a problem a evidenced by th e 
ab ence of off odors. including th a t 
o f ammonia. Dissolved oxygen. a lso 
not measured in th ese expe riment. 
did not appea r to crea te a problem 
wi th respect to the crabs in that they 
were always acti ve and a lert when 
exa mi ned . 

Time re triction a nd limited experi­
ments precl uded considering the 
economics of the procedure . H owever. 
the relatively few crab los es. the en­
thusiasm of the retail buyer. and th e 
succes of the ex peri ments indicated 
th a t thi s method of deli vering li ve 
Dun ge ness c rabs to market has con­
siderable po tenti a l. 

Figure 7.-Aluminum separators used to restrain crabs during tray-loading procedure . 

Figure 8.-Customer selecting a live crab from d.splay tank . 
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SUMMARY AND CONCLUSIONS 

Two expcrimentallllethou~ for !..eep­
ing Dungenes~ erab~ all'.e uUrlng 
long-ui stance haulin g by true!.. werc 
designeu anu e\a luateu In the labo­
ratory. In the Ar~t e'\perlment. a rc­
frigerateu \eawater rog-~pray. pro­
duced b) a hlgh -pres~ure pump anu 
specia l fog -nozzle apparatu~. \\a~ t e~ t ­

ed on crab held In bas!"cb . I he 
technique re\ulted In Illortalltll'\ 01 

over 30 percent In a -+-uay te,t perlou 
The second methou wa~ ue'lgncu 

around a ~y tem of '.ertlcaIIJ -~tac!..eu 

tra) upplied with a chill eu. rcclr­
culated seawater that ca~caueu Irom 
tray to tray . Openll1g~ on the enu, 01 

the trays regulated th e \\ ater le\ el at 
a depth of I II1ch so that the crab\ 
v.ere conti nuousl) I n' enough \\ a ter 
to maintall1 life without ha\lng to be 
completel) submerged. ( rab los,e'> In 
replicate tests lasting 6 ua)s \\ere le~~ 

than 17 percent. 

13ascu Oil thc IC\lIlh. thc 1l1l.: thod 
was \calcu -up lor Ilcld testing In a 
tIUC!.. trailel comhlnatll.)I1 (rah loss ­
cs in each of two over the -load tesh . 
(Inc la\tll1g 1 ua)~ anu the olhcr -I 
UU)\. a'.erageu about 10 percent 

In conclu\lon. the mcthod for han ­
dling and \hlpplng II\e f)lIngeness 
crab.,. a\ deslrlheu aho\ e appl:ar\ to 
ha'.c cllnSlucl ab le potCllll iti I urlhel ­
more . thc ll:lhl11411e 111.t\ h,l\l: a ppll ­
ca ltllil tll Illh\ters Ire\h -\\,Ill'r crd' fhh 
or o th cr ,14u,IIIC dnll11al\ , H\lWl'\l'r. tI 
ll th cr anlll1,d\ arc C(l I1\IUl'rcu, l' Pt.:rI­
mcnlal \\llr!.. 1\ I1cct.:\\ar) to t.:\tdblt\h 
thc elfic.lc) of Ih t.: rndhllu <.1\ II 'IP­
plt C\ tl) cal:h \Pt.:CIt.:\, 
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